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1. Abstract  
Sunlight in school buildings is one of the most important 
environmental factors that affect health, emotions and academic 
performance of the students.1) Natural light is applied as the main 
source during daytime and its diurnal change, cannot be found in 
artificial light. Classrooms are the places where students would 
spend most of their time, therefore the design of the school should 
improve learning by providing better lighting, air quality as well as 
reducing energy consumption. In recent years, the quality of 
construction and school design in Iran has been improved 
significantly. However, most of the existing schools have been 
constructed without concern for the lighting comfort of the 
occupants in the classrooms. The main reason is the lack of 
appropriate design guidelines for creating comfortable and healthy 
indoor environments in Iranian schools. The aim of this research is 
to develop design methodologies and to demonstrate the key 
principles of shading design of south facing classrooms in Iran, to 
improve daylighting environment in order to minimize glare and 
achieve optimized daylight distribution on the working plane, 
mainly by daylight during the lesson hours. This study will 
indicate the results of field studies which used a series of schools 
survey and daylighting simulations using Ecotect16; environmental 
analysis software, and Radiance in classrooms in the city of Tehran. 
Further, it assesses the daylighting performance of the optimum 
conceptual design by utilizing climate-based daylight, specifically 
Daylight Autonomy (DA) and Useful Daylight Illuminance (UDI). 
Results of these simulations and illuminance evaluations, give 
some principles for the exterior and interior about the size, material 
of proposes shading devices and also interior surfaces reflectance 
according to indications by Radiance simulations. The simulations 
were conducted to compare the case study spaces with and without 
the optimum shading device, designed by the author. The 
experiment was conducted to represent typically; June 21st 
(summer solstice), September 22st (equinox position) and 
December 21st(winter solstice),at 9am, 12 noon &15 pm, under 
sunny, intermediate and overcast sky conditions. This paper also 
found out that the performance of five different alternatives issues 
which was affected to improve daylight distribution inside the 
classrooms. This research proposes a design process and a new 
methodology, which could be implemented in future classroom 
design.  
2. Introduction and Background  
In order to create a comfortable and healthy indoor educational 
environment for students, the main subjects that need to be 
considered during the design process are lighting, ventilation, 
acoustics, and thermal comfort.2) one of the important natural 
sources is daylight. Daylight is believed to be essential in 
providing a pleasant visual environment, and contributing to a 
feeling of wellbeing. Moreover daylighting has the potential to 
improve student performance.3) Previous research on the use of 
daylight and sunlight in classrooms has shown that these 
parameters are closely related to issues like human performance 
and energy consumption of buildings. Iran enjoys a climate with 
high solar radiation and can take advantage of favorable natural 
lighting conditions for energy savings and visual comforts; the 
current designs of school buildings in Iran are not energy efficient. 
It’s unfortunate that my country with such potentials for harvesting 
sunlight energy cannot take advantage of it. Also the statistics 
indicate that there are many school buildings in Iran, which 
undermines the importance of studying daylight and comfort 
conditions in Iranian schools. School buildings in Tehran have 
been chosen as the case studies because Tehran is one of the 
biggest cities in Iran and compared to other Iranian cities, has the 
largest percentage of students population. Coordinated by the 
“Tehran school organization of renovation and development”, 
some schools were selected as prototypes. Most classrooms in 
Tehran are either facing north or south. Classrooms towards the 
north, despite lacking in daylight, have a potential for uniform 
distribution of light and sunshine that don’t cause glare. 
Classrooms towards the south, due to the sun’s glare problem in 
most cases, are better shaded from direct sunlight by using a shade 
or blind in front of the window. To solve the problem, teachers and 
students pull the curtains and turn on the electric lights. This 
practice, besides preventing students from absorbing useful 
radiations of daylight, is not useful for better exploitation of 
daylight. Moreover, there is lots of energy consumed without 
considering in Eco-design. In addition, there aren’t any principles 
or design recommendation for guiding light; the author is the sole 
field worker in these criteria. This is a new research in Iran and no 
other research has been done on this subject yet.  
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2.1 Objective of the Research 
The study area of this research includes schools of Tehran city 
located in the center of the Tehran province. Schools in Iran are 
built in a fixed pattern. Even after the pattern turns defective, the 
defect would be repeated over and over. If we can correct the 
pattern, it would be very cost effective. The general objective of 
this research was to propose, develop design methodologies to 
improve the lighting environment in classrooms in Iranian schools, 
utilizing daylight for lighting systems, with respect to Iranian 
culture and climate. The present study has the following specific 
objectives: 
1) Providing adequate amount of daylight in the classroom, 
mainly by daylight and to use electric lighting when adequate 
daylight is not available.  
2) Achieving adequate daylight uniformity and avoid glare on 
the working plane, which corresponds to desk height, 70 cm 
above the floor. 
3) Utilized the given favorable natural lighting conditions 
present during schools hours and throughout the year for 
increasing student’s academic performance and provide 
energy saving. 
4) Preventing direct sunlight penetration by improving the 
design of the windows and shading devices in order to obtain 
better daylight conditions by equalize daylight distribution on 
the working plane and creating ideal light, in quantity and in 
quality. 
5) In order to develop shading systems guidelines for schools 
having south-face classrooms, it is necessary to assess the 
optimum design methods due to the lack of appropriate 
daylight in Tehran providence. Considering integral/shading 
systems helps to achieve improved overall energy 
performance as well as enhanced lighting levels with visually 
comfortable uniformity. 
For this purpose, significant cases studies from different disciplines, 
were discussed in congresses or meetings in Kobe University 
(Japan), Tehran University (Iran) and a close collaboration with the 
“Tehran school organization of renovation and 
development“ provided up to date information of guidelines that 
supported the author in surveys of the lighting environment in the 
Iranian schools of today.  
2.2 Research Methodology  
The methodology of this present study has been based on the 
following structures: 
Step1) the initial part of the research is developed through 
literature review of existing guidance documents such as; school 
facilities organization and educational offices in Tehran. At the end, 
the role of daylight in Iranian traditional architecture in a 
1500-year historical period was evaluated. Discusses mainly the 
concepts of lexical roots of light in Iranian traditional culture, 
classification of historical periods in pre and post-Islam, with 
arrangement of the historical monuments such as; mosque, house 
and school.4)  
Step2) General overview of today’s schools environment in Iran; 
Coordinated by the “Tehran school Organization of renovation and 
development”, some schools were selected as prototypes. This part 
of work, describes a series of field studies; survey observation, 
geometric assessment of devices and the results of field 
measurements of daylight levels conducted in selected classrooms 
in Tehran, focusing on hourly changes of illuminance distribution 
in different types of classrooms. Identifying problem’s statement 
with hypothesis and analyzing the lighting environments in the 
Iranian schools of today.  
Step3) Finding and developing simulation programs that can work 
as design tools. Simulations were carried out in the selected 
samples using the simulation software Ecotect (v5.6.2010).  
In addition, the measurement results were used to verify the 
adequacy of the simulation program. Finally, some unique aspects 
of classrooms and comparison results were discussed. 
Step4) Establishing the design process of daylighting and shading 
for Iranian schools; the assessed daylighting performance of 
several conceptual designs as shading systems were modeled by 
using Ecotect (v5.6.2010), simulated in Radiance (2000), and 
added to a prototype classroom under study. The results of these 
simulations and illuminances evaluations, give some principles for 
the exterior and interior about the size and material of shade, and 
also interior surfaces reflectance.   
Step5) In the last step, several possible design proposals would be 
examined to propose optimum shading systems for south-face 
classrooms. The conclusions of the current study can be applied on 
existing south facing classrooms in Tehran and also provided 
guidelines for future research on the topic. 
 
3. Historical Background 
Light, is considered as the manifestation of God. Therefore, Iranian 
architecture uses light to spiritualize the environment. After 
surveying several windows in traditional light in Iran, the role of 
daylight in Iranian traditional architecture in 1500-year historical 
period was evaluated; and the result of researches will be presented 
in two parts. Firstly, light is lexically defined and its status in 
Iranian culture in two historical periods, before and after Islam is 
examined, then we review the usage of light in different places like 
mosques, houses and schools. The philosophy of light in Iran in the 
pre and post-Islamic periods affected the window’s shape and led 
to the creation of 20 different kinds of windows with the function 
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of lighting. According to studies by the author 5) of this project and 
with reference to Iranian architects and cited literature reviews, 
summary conclusions are as follows: 
A- Light has been viewed as a holy element in all the studied 
places (mosques, houses, schools). Light has an important role in 
Iranian architecture and is rooted in Quran6) and the idea of 
Suhrawardi; the Muslim philosopher (1155 AD), who is fully 
described in dissertation (chapter2), as seen before. From long ago 
up to now, Iranian architects have tended to spiritual creations for 
mosques, which vindicate this theory. Light is God’s manifestation 
and is omnipresent in Islamic architecture especially in mosques. 
B- Light indirectly enters traditional Iranian mosques in three 
patterns of wooden windows from the “Spiritual” viewpoint that 
varies in form and position.7) Also; Light didn’t enter the main 
courtyard directly for the following reasons: 1- Giving more 
spirituality to the mosque. 2- Controlling glare in mosques. 3- 
Creating a peaceful environment. 4- Climatic functions and 
controlling the heat. 5- Function of beauty and play of light in a 
variety of ways; decorating with painting, keystones, blue tiling. 
Fig 1. Sheikh Lotfollah mosque in Isfahan, Iran. (1602-1619 AD) 
(Source: Dr.Tahbaz,M.Architect, Shahid BeheshtiUniversity,Iran. 2009) 
C- Because of the sanctity and value of light in Iranian culture, 
thought and design of Iranian architects in designing windows for 
houses is remarkable. In houses, to play with and break the light, 
architects tried to create a beautiful interior by mixing daylight and 
colored glasses. The diversity of form and colored glasses of 
windows are more prominent in the houses than schools.8)  
Fig 2. Several types of colored glasses windows, in traditional houses. 
(Source: Dr.Tahbaz,M.Architect, Shahid BeheshtiUniversity,Iran. 2009) 
D- Traditional schools have not used sunshades separately. So they 
used the other alternatives combined with architecture to control 
the light. Opening part of the wall to provide light, landscape, and 
ventilation forms the basis for introducing sunlight into the interior. 
This is desirable in winters and unpleasant in summers. 
Fig 3. Several types of daylight control, in traditional schools. 
(Source: F.Moosavi, M.A. Architect, Shahid BeheshtiUniversity,Iran. 2009) 
E- In the past, traditional builders had to consider environmental 
element and make the best use of them. In order to protect the 
building from the summer heat, they would stretch straw canopies 
in front of the wide and long balconies on the southern side of the 
building. But today we try to bring comfort in our buildings only 
with the use of expensive and active mechanical equipment.9)   
Unfortunately, the development and diversification process of 
evolution continued up to almost 50 years ago, when Europeans 
came to Iran and began to build schools for Iranians. But, whether 
these types of shades could be used for today's buildings will be 
discussed later on the essay. In future, it is better to use shading 
devices with the help of new construction material and all different 
technological devices in different places, especially schools. 
 
4. Lighting Conditions of Today’s Iranian Schools 
The development and diversity process of evolution continued up 
to almost 50 years ago and then, for some reasons, stopped. 
Today’s, schools in Iran are built in a fixed pattern. Even after the 
pattern turns defective, the same defective pattern would be 
repeated over and over. In a country with so many hours of 
sunshine, schools don’t have any external shading devices.  
 
4.1 School Buildings of Today in Tehran 
Coordinated by the “Tehran school organization of renovation and 
development”, some schools were selected as prototypes in Tehran. 
Fig 4. Satellite images showing location of case studies in Tehran; left 
image is “Khalatbari” High School of Art” and right image is Motahari 
High School. Source: Google Earthpro4. 
 
Most classrooms in Tehran are either facing north or south. In 
order to distinguish the two types of classrooms, we use “MN” for 
the ones with north-faced windows on the second floor and ”KS” 
for the ones with south-faced windows plane on the second floor.  
Schematic plans and orientations are as shown.   
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Fig 5. Typical types of classroom, which selected as case studies in Tehran. 






   
 
Fig 6. Outside and inside of the case studies. 
(Source: Farzam, Rozita, 2009) 
The overall picture was disappointed because there was no shading 
element used outside of the classrooms (i.e. in a country with so 
many hours of sunshine) and shading should have been seriously 
taken into consideration. Actually, the curtains were the only 
shading devices in the classrooms under study. (Fig 6) 
 
4.2 Climate Conditions in Tehran Province and Tehran 
Tehran with Latitude: 35° & Longitude: 51°, located in the center 
of the Tehran province and the capital and largest city of Iran. 
Based on the newest administrative divisions in 2010, Tehran is 
divided into 19 educational division zones. It has a mild spring, hot 
and dry summer, cool and rainy autumn and cold winter. 
Comparing the gathered data in the field study research with the 
long term climatic data of meteorological station of Tehran10), the 
hottest month is July and the coldest is January. Iran has a mean 






        
 
 
   
         
            Fig 7. Climate data and sky condition in Tehran.11) 
Days with clear sky (Sunny): 208 days in a year; 2/3 time of the 








     Fig 8. Monthly precipitations and average temperature in Tehran.12) 
The annual precipitation is low and the average rainfall on the 
plain is about 218 mm and the maximum rainfall is about 50 mm. 
In summer, Tehran has sunny sky for most part of the season (over 
80%), therefore overheating and glare problems may happened. 
July, August & September are summer vacations and March 
15~31st is New Year vacation for schools. School hours: 8 am ~ 
15pm. The solar radiation data are the best source of information 
that is related to solar energy besides other meteorological 
measurements. Below diagrams show different properties of 
amount direct solar radiation and global horizontal illumination, 













       
   Fig 9. Show amount of direct solar radiation & global horizontal   
             illumination, respectively in Tehran.13) 
The maximum normal direct solar radiation is estimated to be more 
than 80000lx in July before. The minimum is estimated to be less 
than 40000lx in January before. (Fig 9)  
4.3 Measurements in Selected Classrooms       
The measurements were recorded on 11 January, 2009 three times 
in a day. (9:45 am, 12:45 pm &16:45 pm). The measurements were 
carried out under intermediate sky, cotton was not used and electric 
lights were off. The location of the points of horizontal illuminance 
measurements in the classrooms was chosen at 12 different 
locations on the working plane (i.e. 70 cm above the floor on desks 
level). These points inside the classroom were placed at the 
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Fig 10. The comparison of illuminance values at measurement points   
“MN” &” KS”. (Source: Farzam, Rozita, 2009) 
4.4 Analysis the Results of Measurements 
For both classrooms, daylight illuminance diminishes rapidly with 
increasing distance from the windows. The average illuminance in 
the north orientated classroom (MN) (Ave: 445lx) was higher than 
the illuminance in the south oriented classroom (KS) (Ave: 386lx). 
In the north oriented classroom, the blackboard area did not 
receive enough daylight. In the south oriented classroom, the 
blackboard area had glare problem in some parts, the average value 
was 504 lx, and the illuminance was in the range of 300-500 lx.14) 
 
5. Simulation Analysis 
Light simulation is one of the most common methods of simulation 
in architecture. Based on literature reviews, near 80% of the 
analyses are computer simulations. The reason is accuracy and 
simplicity, computer simulation may sometimes be a good 
substitute for time-consuming costly field studies, and climatic 
conditions could be easily changed and immediately analyzed for 
all year round. Based on tests done by researchers, a difference of 
20% is estimated between simulation results and real 
measurements.15)  
5.1 Simulation Program and Calibration Model  
In this research, simulations were generated in modeling software 
Ecotect, developed by Andrew Marsh. Because of accuracy and 
simplicity of the software, it has gained popularity among 
designers and architects due to its multilateral uses like thermal 
function, light, acoustics, and shading as well as presenting results 
graphically.16)For light simulation, Radiance is among the software 
which may be helpful with Ecotect using exchange shared 
algorithm and computer model transfer. Radiance is one of the 
most common light simulation software using rays tracing method 
and has been widely validated by different researchers.17) To 
investigate the status of existing day-lighting in the selected 
classrooms; we needed to simulate them on the same day and at the 
same sampled hour. To have more accurate and actual results, it 
was necessary to enter accurate materials and colors of interior 
surfaces. Since color recognition and its reflection value cannot be 
measured by eyes, color analyzers were used to measure the rate of 
colors. After inputting R.G.B values in the simulation program, we 
calibrated models and compared illuminance values at 
measurement points (photometry). 
Fig 11. Illustrate the comparison of illuminaces between measurements and 
simulations in classrooms. (Source: Farzam, Rozita, 2011) 
As shown of fig.11, the measurement results were used to verify the 
adequacy of the simulation program. These simulations predict the 
illuminance values over the measurement grid for 10 Jan at 10am under 
intermediate sky condition. 
Fig 12. False color renders images for “MN& KS”. 
(Source: Farzam, Rozita, 2011) 
 
5.2 Simulation Results and Analysis 
The simulations were recorded for the 15th of each of the 12 
months of a year, at three different times in a day; 8, 11 am &14 
pm, under three different sky conditions: intermediate, sunny and 
overcast sky. Thus, the daylighting performance was evaluated for 
all 216 unique combinations of classroom type (x2); climate and 
sky condition (x3), for the 12 months of year and 3 times a day. A 
schematic showing the various parameters is given in Fig 13. 
                    Fig 13. Parametric scheme.18) 
Fig 14.The percent of area had illumination amount of 100~2000 lx (UDI),           
under sunny, intermediate and overcast sky at 8, 11am &14 pm. 
(Source: Farzam, Rozita, 2011) 
 
¾ The measurement results were used to verify the adequacy of 
the simulation program. (Fig 11) 
¾ Classrooms towards north didn’t cause glare but lacks 
daylight. By using extra windows or increasing size of glazing, 
more reflected light can be achieved for eliminating dark 
areas. 
¾ Classrooms towards south, under overcast sky, is better with 
light shelves to have even light distribution, because light is 
much stronger by the window than further in the room. 
However, under sunny sky, there is glare problem and direct 
sunlight should be prevented by using a shade or blind in 
front of the window.  
¾ The computer simulations show that there is a certain range of 
darkness at the opposite side of the windows in both 
classrooms which may result in insufficient lighting. 
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5.3 Illumination values and indicators of daylight performance 
The illuminance metric suggested in this study is based on utilizing 
climate- based daylight modeling, specifically Daylight Autonomy 
(DA) and Useful Daylight Illuminance (UDI). Results show that 
UDI calculations provide more useful information on the 
daylighting design than DF. This range is proposed by Nabil & 
Mardaljevic (2006), based on occupant preferences in naturally 
illuminated educational building. The aim of UDI is to determine 
when daylight levels are useful for the user. The range of <100 lx 
is used to establish a threshold for minimum daylight performance. 
Regions that fall between 100 to 2000 lx are acceptance criteria. 
Region that >2000lx may suggest presence of glare.19) The 
experimental range for this research is based on UDI. To obtain the 
optimum shade, the target is to increase the UDI areas in the 







Fig 15. The means of each range of illuminances levels. 
(Source: Farzam, Rozita, 2011; adapted by Nabil & Mardaljevic (2006)) 
6. Optimizing Daylight Distribution in the Classroom  
From the results of measurements and simulations presented, for 
classrooms towards south, under overcast sky, it is better to use 
light shelf to decrease the contrast between high levels at the 
window and low levels at the depth of the room. Under sunny sky, 
there is a glare problem and direct sunlight should be prevented by 
using a shade or blind in front of the window. In order to develop 
shading systems in classrooms, it is necessary to assess the 
optimum design methods as guidelines for Iranian schools, which 
can be applied on south-face classrooms in Tehran to mitigate 
problems.  
6.1 Factors Which Effect on Daylight Performance 
Several factors which affect penetration of daylight illumination in 
interior of rooms exist. Some factors depend on the local 
conditions such as climate, latitude, cloudiness of sky, elevation 
from the sea level, air pollution and so on. Other factors depend on 
design conditions such as topography, window height and 
orientation and interior surfaces reflection.20) The quality of 
daylight in a room can be improved by: General Objectives 
1. Increasing the size and shape of window.  
 





3. Internal and external light shelf. 
4. Fixed over hangs above a window. 
5. Transmittance of window glazing.  
6. Interior surfaces’ reflectance.  
These series of daylight simulations consist of varying reflectance 
values. 
Table1.Reflectance’s of existed model’s surfaces in simulation environment. 
(Source: Farzam, Rozita, 2012) 
 
6.2 Specific Objectives of Optimum Shade  
Limitations 1- The most important points to consider in school 
buildings in Iran are simplicity & cost-effectiveness. Despite the 
fact that the position, shape and size of windows in a room have a 
strong influence on the distribution of daylight, increasing the size 
of existing window or making new apertures, would be very costly. 
Therefore, construction or structural change is not targeted. The 
author attempts to solve the existing problems using modular 
design and supplemental elements which are easily installable on 
current school windows; like light shelves or fixed over hangs.  
Limitations 2- As previously mentioned, the practice of students 
pulling the curtain several times a day causes deterioration of the 
curtains and remains useless on windows. Therefore suggestions 
encompassed only external blinds instead of internal curtains for 
inaccessibility to students.  
Limitations 3- The optimum model shade has to be: Simple/ mass 
producible in Iran / easily build / prefab / easily installable/ 
cost-effective and easy to use/ easily maintained/ consistent with 
Iranian technology/ façade embellishment.  
 
6.3 Establish the Geometry of Shading Devices  
The determination of under heated and overheated periods of the 
year could guide the design of shading devices.21) For this purpose; 
the temperature-shading chart has been prepared. The shading 
chart has been obtained by the method described by Martin 
Evans12. The curved lines on the chart have been obtained by 
joining equal temperatures at different periods. The overheated 
period has been located approximately between the 15th of June to 
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the 30th of September between 10 am and 6 pm. The under heated 
period has been located from the 15th of November to the 30th of 
March. The method based on the “sky dome”22) concept, will show 
on a “sun-path chart”, how windows behave during various periods 
of a year, according to the overheated period and also under heated 
(when the sun-rays are welcome) were plotted on a chart, with the 
mounts and the hours as coordinates.  
Fig 16. Left, Yearly chart showing under heated and overheated periods in 
Tehran area. Right, shows the sun-path chart in Tehran, with transferred 
under heated and overheated periods, which required to shadow.23) 
 
This part should be covered by fixed shade because of high heat & 
high light intensity in all seasons. It should be prevented in 
summer and winter. 
This part should be covered by movable shade to prevent sunlight 
in summer and permit the sunlight in winter. 
In this part we need the heat of the sun throughout the year. 
Nevertheless, in this case (classroom); sometimes glare may occur. 
So, it is better to use movable shade, especially in winter, when the 
sun’s angle is minimum. (21 Dec). 
In the first phase of designing, we can determined the geometry, 
length and depth of the optimum daylighting systems indicated 
from sun chart (angle of solar rays) according by “Olgyay”24) 
method. Shading mask of a window is a simple graphic method to 
show window condition according to sunshine and the site climate 
during various periods of a year. The stenographic diagram (fig16) 
represents the whole hemispherical sky dome; Sun, region, climate 
and sky conditions, will be shown on it. In Tehran climate, the 
maximum profile angle of the sun in heating period is about 78°; 
the minimum profile angle of the sun in cooling period is 31° and 




Fig 17. Display range of proposed shade 
by author for south case classroom. 
(Source: Farzam, Rozita, 2012) 
 
 
6.4 Simulation Results and Analysis (Prediction and Propose design) 
The south-face model (KS) with about 48m2 plan classrooms 
(6x8x3m) in Tehran is employed to assess the impact of the most 
important aspects on the reference working plane at 70cm.  
Several proposed shade systems added to a prototype classroom 
and evaluated the illuminances by Radiance simulations. The 
experiments were conducted to represent typical conditions on 
June 21st (summer solstice), September 22st (equinox-intermediate 
position) and December 21st (winter solstice), with work plane 
illumination data represented in lux. Testing hours are 9am, 12 
noon and 15pm, under sunny, intermediate and overcast sky 
conditions. The percentage of floor area and values are presented 
for each pattern separately. I.e. if we can get desirable results in 
light uniformity in typical dates and times, we would be able to 
attribute the plan to the entire year. It is possible to verify the 
adequacy that was evaluated and validated by simulations on 
typical dates & times, without monthly & hourly simulations.  
Fig 18. The comparison between simulation methods A and B.(Source: 
Dr.Kitadani, Hokkaido Research Organization, Hokkaido University, 2012) 
The results of two types of simulations have shown similar 
tendency. So, it is possible to evaluate daylighting effect 
(illuminance on desk) by method B (typical date & times).  
Fixed architectural shading strategies, such as exterior overhangs 
or external blinds and interior light shelves can minimize both heat 
gain and glare. As mentioned earlier, suitable shading devices led 
to light shelf and over hangs above the window.(Fig19) After the 
initial designs and reviews on simulation ‘results; finally, there are 
approximately 4 unique daylight patterns available in this paper. 
Every pattern has a title and illuminance graphs at 21 June, 22 
September, 21 December, for each pattern separately. (Fig 20) 
 













Fig 19. Initial proposals on the left, promotion proposals on the 
right.(Source: Farzam, Rozita, 2012) 
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Fig 20. Summary of graphs results, shows the percentage of space, whose 
illuminances values are in range (green), too low (blue) and too high 
(yellow and red) for UDI Illuminance for the proposed designs. (Source: 
Farzam, Rozita, 2012) 
Project Findings: This study focuses not on proposing novel 
systems but on evaluation of their potential applications in terms of 
illuminance. The optimum light shelf (case D) shows that, 
increased UDI levels throughout the classroom help to reduce glare, 
for south face orientation if compared with the base case without 
any shade. The proposed optimum shade, consist of two parts; 
fixed slope light shelf with Aluminum and roll up blind with 
canvas material, which will open under sunny sky to prevent direct 
sunshine. 
Fig 21. It shows the optimum shade (case D) in two applications.  
(Source: Farzam, Rozita, 2012) 
Under overcast sky, the pattern with light shelf (case D) increased 
the UDI areas and improved the daylight by removing darkness. 
Under sunny sky, when there is a glare problem and direct sunlight 
should be prevented, we use rollup canvas to reduce glare and 
prevent solar rays. (Fig.21) 
6.5 Influences of Other Factors on Optimum Shade 
By applying these simulations method to the case study classroom, 
for more experiments, five alternative issues would be studied to 
improve daylight distribution inside the classrooms by applying 
case D in the following issues: 
Issue 1: Light shelf reflectance properties.  
Issue 2: Roll up blind's transmittance properties. (Canvas)  
Issue 3: Window glaze transmittance properties. 
Issue 4: Internal surfaces reflectance properties 
Issue 5: Cover part of glazing area with low visible transmittance 
such as: film sheet (66%tranparency) 
From the outcome; the following conclusions were drawn in 
relation to several daylight utilization technologies.                                                                                 
¾ On light shelf reflectance (Fig 22) 
In this case the model examined by several reflectance of 






Fig 22. Comparison between daylight illuminanc level of distribution for 
Do) with use of light shelf (70% r), Do1) light shelf (60% r), Do2) light 
shelf (50% r), under sunny sky at 21Dec. (Source: Farzam, Rozita, 2012) 
  
Important observation from this graph is that even if all the 
reflectance has not so much influenced. Use of light shelf with 
Aluminum 70% reflectance, as far as standard light levels are 
concerned.25) 
¾ On roll up blind's transmittance (Fig 23) 
In this case, the model was examined by several transmittances of 
canvas materials which were use as blind in this study. 
Fig 23. Comparison between daylight illuminances level of distribution for; 
Dc1) with use of canvas (30% transparency), Dc2) with use of canvas (20% 
transparency), Dc3) with use of canvas (10% transparency), under Sunny 
sky at 21 Dec, 9am. (Source: Farzam, Rozita, 2012) 
The following issue in the case study has the greatest effect on the 
UDI metrics. The canvas with 30% transparency (Dc1) has seen 
glare areas approximately 5~40% areas of class, while in case (Dc2 
& Dc3 with 20%, 10% respectively), glare was reduced to 5~15% 
areas of class. Meanwhile, in Dc1, it emerges that sunlight falling 
on the desks is disturbing for a large number of students, while in 
Dc2, &Dc3 sunlight felled on the floor areas.  
  
On glazing light transmittance (Fig 24) 
In this case the model examined by double glazed window with 
light transmittance 75% instead of one glaze with light 
transmittance 87%.26)  
Fig 24. Comparison between daylight illuminanc level of distribution for 
optimum shading system with use of single glaze (87% transparency), 
double glaze window (75% transparency), under sunny sky at 21 Dec. Roll 
up blind was closed. (Source: Farzam, Rozita, 2012) 
Change glass of view window with double glaze or low visible 
transmittance glass, however, reduces glare areas under sunny days. 
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That’s the reason for the reduction of light level in cloudy days. 
This alternative seems to be not so much influenced under sunny 
sky, but causes to increase UDI areas under overcast sky. 
 
¾ On internal surfaces reflectance (Fig 25) 
In this case the model examined by three different diffuse 
reflectance values of ceiling and walls. All windows were modeled 
as clear single glaze with transmittance of 0.87. From the excepted 










Fig 25. Comparison between daylight illuminanc level of distribution for 
different surfaces reflectance; Do) Wall: 83%, Ceiling: 80%, Do1) W: 70%, 
C: 80%, Do2) W: 60%, C: 70%, under sunny sky at 21 Dec. (Source: 
Farzam, Rozita, 2012)  
¾ On cover part of glazing area with low visible transmittance 
such as: film sheet (Fig 26)
In winter, because of the minimum profile angle of the sun, glare 
probability increase inside the room. In the last experiment with 
the use of film sheet, mounted on the glass surface (only the upper 
side-fig B) causes reduction of glare down to only 1%, but would 









          
 
Fig 26. Comparison case A and case B. (Source: Farzam, Rozita, 2012) 
 
 
7. Discussions and Conclusions 
The conclusions of this research propose a design process and new 
methodology, which could be implemented in future classroom 
design, also can be applied on existing south face windows in 
classrooms. In this study, several proposed designs were examined 
to develop a simple optimum model. The following systems 
features in the case studies have the greatest effect on the 
distribution and annual occurrence of the UDI metrics: 
Table2. Reflectance values for internal and external materials which, 
Recommend by author. 
Use of light shelf with Aluminum 70% reflectance, as far as 
standard light levels are concerned, increase daylight levels 
distribution along the depth of the class and improve daylight 
penetration throughout the year, especially under overcast sky. Use 
of material of roll up blind is determined for traditional canvas 
with approximately 10~20% transparency in light color. It reduces 
light penetration excess light areas all the year round, especially 
under sunny sky. Use of single glaze window with transmittance, 
0.87 decreases darkness area all year round, especially under 
overcast sky condition. The most suitable diffuse reflectance 
values of ceiling, walls and floor, determined as: wall: 0.80, 0.70 
and 0.40 respectively. According to this research, the final design 
proposed greater levels of UDI areas all the year through; under all 
kinds of sky conditions. It also provided the principal contribution 
to enhanced daylight levels and energy saving. Under overcast sky, 
on December (winter solstice); because of the minimum profile 
angle of the sun, daylight levels fell down at 9am and 15pm. Just 
in these two hours electric lights were needed. In sunny days, in 
addition to fixed light shelves on windows, roll up blinds also 
should be opened to prevent heat gain and/or glare. Sunlight falling 
on the desks (case study) was disturbing for large areas of the class, 
particularly in December with 34% area of the class affected. It 
was modified by reducing the glare area to 13% of the area of the 





































Fig 27. Images show modification of daylight distribution by replacing the 
optimum model on case study under sunny& overcast sky. False-color 
surfaces plot that show the illuminance values across the grid. 
(Source:Farzam,Rozita,2012) 
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Table 3.Useful daylight illuminances break down. 
(Source:Farzam,Rozita,2012) 
  
8. Future Researches 
The next step of this work is to generate a database that enables 
architects and designers to read the results clearly and easily, and 
to use it as a design tool. The results of this study should be 
replicated for the other main factors such as: ventilation, acoustics, 
and thermal comfort, which need to be evaluated in schools, 
especially for classrooms with north & south face in order to create 
a comfortable and healthy indoor environment for students. The 
improvement in daylight distributions are not only for schools in 
Tehran, but also for another city of Iran and other warmest or 
coldest areas. Furthermore, research on increasing the size of 
apertures or making skylight apertures for schools.  
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